When analyzing the possibility of supporting the decision-making process, one should take into account the essential properties of economic entities (the system and its objects). As a result, the development of an effective business model ought to be based on rationality and the characteristics of the system being modeled. Such an approach implies the use of an appropriate analysis and modeling method. Since the majority of relationships in the model are described using the experts' tacit knowledge, methods known as "soft" are more suitable than "hard" in those situations. Fuzzy cognitive mappings (FCM) are therefore commonly used as a technique for participatory modeling of the system, where stakeholders can convey their knowledge to the model of the system in question. In this study, we introduce a novel approach: the extended weighted influence nonlinear gauge system (WINGS), which may equally well be applied to the decision problems of this type. Appraisal of high-value and long-term offers in the sector of the telecommunication supplier industry serves as a real-world case study for testing the new method. A comparison with FCM provides a deeper understanding of the similarities and differences of the two approaches.
Introduction
In this paper, we introduce an extended version of the Weighted Influence Non-linear Gauge System (WINGS) method [1] and apply it to a real-world case study. In this extended form, WINGS includes both positive and negative influences which substantially reinforce its analytical ability. To make a comparison and get deeper insights into the process and its results, we apply selected variants of fuzzy cognitive mappings (FCM) [2] -a method widely applied to many decision problems of different kinds (see e.g., References [3] [4] [5] ).
Support of strategic decision making in the enterprise and its environment should be characterized by the use of real-captured observations from the enterprise's ecosystem, determination of their dependencies, as well as models describing their significance, which, according to the company's current practices, focus on the basic taxonomy of analytics services and data management architecture for business operations that translate mainly into quantitative methods and computational requirements [6] . The latter ones, together with the use of data (BigData) [7] , collected mainly in business support systems (BSS) ("A business support system (BSS) is a group of business elements used in networking to help service providers gain customer insight, compile real-time subscriptions, and introduce new revenue generating services. A BSS is critical because it helps service providers support and extend operations to enhance business services. Business support systems are used by all service providers, including mobile, fixed and cable networks." https://www.techopedia.com/ definition/26873/business-support-system) omit the stage of analysis and modeling of (significant) expert knowledge (SmallData) (lack of proper information or treatment of information (as assessed by the management) as seemingly irrelevant or insignificant. These seemingly irrelevant behavioral observations contain very specific features that form the environment of the decisions, and must be included to avoid uncertainty in decisions) in the process of supporting decisions. This expert knowledge cannot be captured by "hard" quantitative models (System Dynamics), i.e., the framework of J. Forrester's System Dynamics [8] ). The use of expert knowledge in the process of supporting strategic decisions in the enterprise is complementary to quantitative models, forming the modeling that reflects the surrounding reality.
The assessment of the impact of strategic offers on a company's ecosystem belongs therefore to the class of issues whose precise quantitative models may be not realizable, hence the proper and useful applicability of models and methods (where the emphasis is put more on the quality) remains susceptible to the method itself. It is also important to verify the usefulness of qualitative models in relation to the object studied and the managerial problem being solved.
The case study example of evaluation of strategic offers leading to the submission of an offer to client in the telecommunication industry has been taken as a baseline for analysis. Given that dependence on quality of decisions leads to submission of a chosen offer to the client, it may directly contribute to financial and strategic health of the company, which is actually the case, although sensible quantifications could only be based on a comparative approach of potential gains and losses, if a process of strategic offers selection is not applied (or its quality is in doubt). More practical benchmarks (although brought as indirect implications) relate to price realization, among other things, where in general the industry benchmark states an improvement of 4-6%, thanks to assisted decisions (source: Bain, Gartner (https://www.bain.com/consulting-services/advanced-analytics/; https:// www.gartner.com/home (in reference to internal consulting -detailed results are confidential))). Therefore, we consider the quality of decisions no less important than the offers themselves. Different procedures of assessment may lead to different results (which may further turn into very important financial and strategic implications-billions of Euros in international corporation operations).
So far, the term soft system dynamics (SSD) has not obtained a precise scope or high popularity. It was introduced by Mendoza and Prabhu [9] , who included in SSD the following approaches: cognitive map and its variants (e.g., bayesian causal map), influence diagrams (containing causal loops), and FCM (the competitive approach that can aspire to the same name is a synthesis of system dynamics (SD) and soft system methodology (SSM), called by the authors Holon Dynamics [10] ). In view of similarities in the background, formalism, and objectives of FCM, the WINGS method, in its extended form, can also be considered an SSD approach.
The remaining part of the paper is organized as follows. The next Section 2 is a brief presentation of selected variants of FCM. Section 3 introduces the extended version of WINGS. In Section 4, we describe a real-world case study and its background. The results of FCM and WINGS and their comparison are the subject of Section 5. A deeper discussion of the problem and its solutions on a wider background is contained in Section 6. Conclusions (Section 7) close the main part of the paper. The mathematical correctness of the new approach is proven in Appendix A. The operation of the extended WINGS procedure and the interpretation of its results is illustrated in Appendix B.
Fuzzy Cognitive Map
The concept of the fuzzy cognitive map (FCM) was introduced by Kosko in 1986, as a universal tool for dynamic systems modeling [2] . It uses a simple representation of knowledge in the form of graphs of concepts and causal relationships between them (positive/negative dependencies, feedback loops, weights, initial/final state, etc.). As regards practical comprehension and good practice in setting up FCM models, it is important to represent only causality, with the notion that: "... Causal maps encode dynamic behavior ("something happens because and after something else has happened"), but the dynamic properties of the mapped system cannot be easily inferred ..." [3] . Furthermore, as the concepts (labelled 1, ..., 7 in Figure 1 ) and relationships can be different and subjective, it may be problematic to assign values to them or to form a quantitative model based on the qualitative view of the system. In general, by using positive and negative values of concepts and relationships bounded in the interval [−1; 1], a Fuzzy Cognitive Map is an approach in which concepts and relationships between them are defined in specific ways in a given mental map that is used to calculate the strength of the impact of these elements. 
The FCM Procedure
As FCM has been known for many years and has been the subject of many publications, we limit ourselves to a brief presentation of the related procedure. An interested reader can find suitable information about FCM in References [3, 9, 11, 12] .
• FCM is a cognitive description of a system that represents the model in the form of a weighted directed graph; • Concepts (nodes) are the important system components; their values are given by vector x = [x 1 , x n ], where n is the number of components in the system; • A = [a ij ] is a transition matrix, describing the relations between the components; • The change of the system in consecutive iterations is given by the formula:
where x(u) is the system state vector at the iteration u, A is the transition matrix, f is threshold function, k is the iteration number, and x(0) is the vector of the initial state of the system; • Among many threshold functions used in (1), the following two are commonly used in modeling social systems [13] :
sigmoidal:
where z is the slope, and h is the offset;
• Depending on the slope and offset values, the output function may return distorted or even unstable results [13] , for example, if z ≥ 0 is small enough, then there is a unique value f (x); if z ≥ 0 is large enough, there can be multiple (distinct) values; • Special attention should be paid to the mathematical aspects of FCMs when they are used by novice practitioners, because the choice of the initial conditions (linear case) or parameters (sigmoidal case) has a serious impact on the final output [13, 14] .
WINGS
A dynamic variant of WINGS, or the weighted influence nonlinear gauge system [1] , introduced in this paper, and in parallel in Reference [15] , can be considered as a new member of the soft system dynamics family for analyzing systems [9] . It uses a simple representation of knowledge in the form of a digraph consisting of concepts and causal relationships between them (similarly to FCM), but is based on different assumptions reflecting the internal dynamics of the tested object. It uses an analogy to physical behavior and does not need any threshold function, being free of additional parameters.
Assumptions of the WINGS Method
WINGS has been derived from interpretive structural modeling (ISM) and decision making trial and evaluation laboratory (DEMATEL) [16, 17] . The important concept, which is not present in DEMATEL and has been introduced in WINGS, is internal strength. This seemingly insignificant change considerably enhances the modeling power and applicability of the WINGS method. Without the internal strength concept, DEMATEL cannot be used as a comprehensive approach and is usually hybridized with other methods, e.g., analytical hierarchy process (AHP).
Although WINGS is a relatively new method, it has been applied to a number of practical cases [18] [19] [20] [21] [22] [23] [24] . Notwithstanding, it is still in the early stages of development and needs time to mature. This means that its assumptions may still be neither fully nor clearly expressed (which is typical for many new ideas). In this situation, a repetition and extension of the WINGS foundations is advisable.
The following list comprises the assumptions of the generic WINGS method [1] (items 1-3 and 6) and two new items that come from the development and extension of WINGS in the following years (items 4 and 5).
1.
Two basic features of the system components are responsible for the interrelations: internal strength and influence; 2.
The objective mechanism of interactions should include direct and also all possible indirect relations between components which are a result of the transitivity of interactions; 3.
The more complex interactions, involving more than two components, can be characterized with enough approximation by two-component interactions; 4.
The strength of indirect interaction between two components decreases with the length of the path between the components (the length of the path is measured by the number of intermediate components on the path, or equivalently, by the number of path segments); 5.
Time in which a model reaches its stable final state is short enough to allow a reasonable inference about the final state of a real-world system; 6.
Although an objective measurement is not possible, the experienced specialist can make rational assessments (also expressed in numbers) of the strength (importance) of the components and influences between them.
WINGS Procedure-Dynamic Variant
The WINGS method consists of three main stages: (1) qualitative analysis, (2) quantitative evaluation, and (3) calculations (technical stage).
Qualitative Analysis
We begin with the structuring of our problem. The systemic approach consists in creating a list of relevant factors and determining the most important interdependencies among them. An essential part of WINGS is the construction of a digraph whose nodes represent system components (concepts) and arrows represent their mutual influences. An arrow going from an influencing node to an influenced node indicates a non-zero influence (here the dynamic variant differs from generic WINGS that has only positive influences). Each arrow is labeled with a plus or a minus indicating the type of influence: a plus if the influencing component enhances (strengthens) the influenced one, or a minus if the influencing component diminishes (weakens) the influenced one.
The WINGS digraph is similar to the cognitive (or causal) map [25] , often used in applications of problem structuring methods [26] . It may thus be helpful to use procedures worked out within those approaches, such as strategic options development analysis (SODA) [25, 27] or soft systems methodology (SSM) [28, 29] , especially when working with a group of stakeholders. The six-steps procedure developed for FCM by Jetter [3] may also be applied to the WINGS modeling process.
In the next step, the user is asked to provide a linguistic scale for the evaluation of influences in the system. The number of points on the scale depends on the given problem and on the preferences of the user. The scale can contain only three points, e.g., low, medium, high. If the user feels that more points are needed to characterize the relations among the components, the scale can be expanded by adding, e.g., "very low" and "very high" or more verbal descriptions [20] . Both positive and negative interrelations are allowed, which significantly increases the utility of WINGS.
The ultimate role of a system component does not depend only on the intensity of its influence on other components. A fundamental attribute of a component is its inherent property that takes part in its relations with other components [1] . In WINGS it is called internal strength. Depending on the type of the system, relations, and the component itself, internal strength serves as a qualitative assessment of physical size, cardinality, political power, importance, or any other relevant qualitative characteristics. In decision making, some components are interpreted as intermediate or ultimate consequences; they function as sub-criteria or criteria and their internal strengths are related to weights, that is, measures of criteria importance. When the dynamic behavior of a system is considered, internal strength becomes a measure of the initial state of a concept.
It should be noted that from a formal point of view, internal strength represents the influence of the node on itself-it is a self-loop. This is a direct consequence of the matrix algebra applied to evaluate the WINGS output (Section 3.2.2).
Quantitative Evaluation
The main objective of this stage is to assign numerical values to verbal evaluations set up in the previous stage. Quantitative evaluations reinforce the discriminating power of the method and allow it to calculate influence along paths of any length. As mentioned in the Introduction, we assume that the user is able to assess the relative power of interrelations and concepts and to map them onto a numerical scale. It is not difficult to realize that the ratio scale is the only choice when the final measure for a system component is the product of constituent measures. In other words, the results are invariant only under a positive homothetic transformation (see e.g., Reference [30] , Chapter 3).
These values and their relationships are selected by the user, but for simplicity and to preserve a balance between strength and influence, it is recommended to use integer values and the same mapping for both measures. The lowest non-zero level (e.g., low or very low) represents a standard unit on the scale; other numbers are assigned to higher scale points by comparison with this unit level. As the ratio scale is assumed, the comparison means that we assess the ratio of higher-level points from the verbal scale to the first (unit) level. It is presumed that a knowledgeable user is able to adequately express the relations between system components. The mapping can be linear, e.g., 'medium' is twice as high as 'low', 'high' is three times as high as 'low', and 'very high' is four times as high as 'low'. Alternatively, it can represent some degree of non-linearity, e.g.,: 'medium' = 2, 'high' = 3, 'very high' = 6 (which means that the user set: 'medium' = 2 × 'low', 'high' = 3 × 'low', 'very high' = 2 × 'high' = 6 × 'low') [20] . For the internal strength, only positive values are possible. As influence can be positive or negative, its scale consists of pairs ±1, ±2, . . . and zero as the neutral point (no influence and no arrow in the digraph).
Technical Stage-Calculation of Output
The technical stage (calculations) consists of the following steps:
1.
All numbers are inserted into the direct strength-influence matrix D, which is an n × n matrix with elements d ij (n is the number of components in the system).
• Values representing strengths of components are inserted into the main diagonal, i.e., d ii = strength of component i; • Values representing influences are inserted so that for i = j, d ij = influence of component i on component j.
2.
The matrix D is scaled according to the following formula:
where S is the scaled strength-influence matrix and the scaling factor is defined as the sum of absolute values of all elements of D, i.e.,
3.
The total strength-influence matrix T is calculated from the following formula (with the scaling defined in Equation (4), the series below converges, and thus T is well-defined; the proof is given in Appendix A).
Matrix T represents the sum of influences along all possible paths in the WINGS digraph.
If strength has non-zero values, self-loops of arbitrary length occur in the digraph, even if it does not contain loops. However, it should be noted that as a result of scaling, the contribution becomes lower with the path length. 4.
For each element in the system, the row sum I r i and the column sum R r j of T are calculated:
5.
For each element in the system, the row sum I a i and the column sum R a j of |T| are calculated:
where t ij are the elements of T. The core WINGS output for each component i consists of two groups of numerical indicators. The first group comprises the relative (net) impact, receptivity, involvement, and role:
• I r i -relative total impact represents the net (algebraic sum of positive and negative items) influence of component i on all other components in the system, The addends in Equation (7) can be positive or negative, hence their algebraic sum reflects the relative levels of total impact and receptivity. As a result, both relative total impact and receptivity can be positive or negative. We define the relative total involvement and role as the sum and difference of absolute values, because the compensation between I r i and R r i would distort the meaning of involvement and role.
The second group comprises absolute impact, receptivity, involvement, and role:
• I a i -absolute total impact represents the absolute influence of component i on all other components in the system, • R a i -absolute total receptivity represents the absolute influence of all other components in the system on component i, • I a i + R a i -absolute total involvement represents the sum of all absolute influences exerted on and received by component i,
if it is positive, component i belongs to the absolute influencing (cause) group; if it is negative, component i belongs to the absolute influenced (result) group.
According to Equation (8) , the absolute total impact and receptivity are defined by the sum of the absolute values of the elements of T. There is no compensation in this sum, hence they represent the absolute power of exerted and received influences. The combination of relative and absolute measures provides a comprehensive evaluation of the system components.
Case Study
The firm in question is an international corporation dealing with telecommunications network infrastructure and advanced industry technologies. It has regional and local offices operating throughout the world. It invests in technologies of the future (e.g., 5G, IoT), providing broadband and fixed-network infrastructure and operator services. The company's business is linked organizationally and cross-functionally with business groups, business lines (business lines are part of a business group), etc., each with its own profit and loss responsibility, which is conducive to efforts to satisfy the corporate targets in a responsible manner.
For the case study model, we consider a business line that accommodates strategic business, thus deals with strategic offers and contracts won previously (strategic and other offers that should always be evaluated before submitting/concluding a contract (contracts won are delivered in the form of telecommunication products and services to the clients. Typically a single strategic offer is a project (contract) that can be worth hundreds of millions and takes a few years to complete). In such a strategic business, some boundary conditions, showing the health of the customer offer, are compulsory. The impact of the evaluation of the strategic offers on financial and strategic domains contributes therefore to the health of the company/business line (one should also take into account the limited technical and labour resources available). The case study model ought to simulate the impact of an offer on the current financial and strategic health of a business line, which should indicate the strategic offer best suited to the strategy of the firm/business line. As regards the internal dynamics of the model, the formal delays, which appear as an effect of sequence of concepts, do not disturb the results, because they represent causal relationships occurring in a negligible time in relation to the tested state of effects in the company.
For the quantitative assessment (prior to the quantitative assessment, the qualitative analysis was performed as experts' input. To turn it into a quantitative form, experts were asked to assign scores from the range [−9; 9] for WINGS. To restrict the values to the interval [−1, 1], which is needed in FCM, all input values were divided by 9), the verbal appraisals were translated into numbers as follows: very weak = 1, weak = 3, medium = 5, strong = 7, very strong = 9. The even numbers 2, 4, 6, 8 can be used for intermediate evaluations. As a result, the initial state can have an integer value: 1, 2, . . . , 9, and influence: ±1, ±2, . . . , ±9. The overall model (Figure 2 ) also outlines expert knowledge about engaged firm's/business line personnel in assessment of influences of the key aspects (considered as criteria) in the process of strategic customer offer evaluation-these are the numeric values labelling the arrows. Additionally, the experts defined "Quoted sales margin" and "Strategic impact" (with the weight of importance equal to "7" for each), as well as "Financial risk", "Upsell potential", "Market risk", and "Internal risk" (with the weight of importance equal to "1") for "Financial" and "Strategic" effects. Needless to say, some criteria influence each other, i.e., "Upsell potential" influences "Strategic impact" in "Strategic effect"; there are also interactions between "Strategic effect" and "Financial effect" (i.e., "Internal risk" on "Financial risk" and "Financial risk" on "Delivery risk", which creates the soft effect of a feedback loop). Finally, the Strategic and Financial domains are also characterized by various predefined key performance indicators (KPIs) among Strategic and Financial, each tracked by the company's business support systems (alternatively, also with the use of synthetic data [31] ). These KPIs are listed in Table 1 (numeric values are derived from actual parameters mapped on the scale used (i.e., "Net cash flow (per year)", "Revenue")) for the:
• Current status of the firm/business line (these values are given in parentheses);
• Offers A, B, C-these columns contain impacts of the offers on the current status of the firm. 
Results

Results of the FCM Procedure
The initial state vector consists of the values of the"Current status of the firm" (Table 1) . For FCM, all input values were divided by 9 to keep them in the interval [0, 1]. For both FCM variants (linear and sigmoid threshold functions), to evaluate the offers, we used the values of stable final states of concepts Financial Effect and Strategic Effect.
Our experiments with the linear function show that all the concept values tend to zero very fast (after eight iterations all the values are usually less than 10 −5 ), which confirms the previous observations [13] for the case of a concept with no input. In this situation, its value will immediately reach "zero" and remain at that value in the next computational steps. To avoid this, such a concept (in our case: Offers A, B, C) is made a driver in the model with a self-reinforcing loop [5] of weight 1 [13] (another way of keeping the causal concept (here, an offer) permanently active is to use clamping [3] ). After a few iterations (about eight), the values of the concepts become stable (reach an equilibrium) and give the results presented in Figure 3 .
The results of the calculations with the sigmoid threshold function, as defined in Equation (3), depend on slope z. In relation to Reference [13] for our network of 33 concepts, the upper bound for a unique fixed point is about z = 0.1. For that value, the differences in Financial and Strategic Effects for the offers considered are practically indistinguishable. The differences increase with the increase of the slope, so for further calculations we chose z = 1. The results place the offers on the plane of Financial Effects-Strategic Effects in the same way as the linear function (Figure 4 ). According to both FCM variants, Offer C dominates both Offer A and Offer B. Offer B is better then Offer A in Financial Effect, while in Strategic effect the relation is reverse. 
Results of the WINGS Procedure
As stated in Section 3, the WINGS method, similar to FCM, uses a simple representation of knowledge in the form of a digraph with concepts and causal relationships between them, based on different assumptions reflecting the internal dynamics of the tested object (analogously to the physical interactions of objects). The key difference is that WINGS does not use any threshold function, having neither susceptibility for calibration nor receptivity of outcomes of stability depending on any native parameters of the threshold function (linear or sigmoid), which is a prerequisite of FCM.
In order to evaluate the impact of the offers on the Financial Effect and the Strategic Effect, we used their relative total involvements ( Figure 5 ). The relative total involvement of a concept in WINGS is an equivalent of a final state in FCM. The position of the offers on the plane was exactly the same as for both FCM variants. WINGS and FCM differ significantly in the calculation mechanism. The threshold functions-linear and sigmoid-are also different enough to affect the final results. Therefore, the same rankings in Financial and Strategic Effects obtained in FCM-linear, FCM-sigmoid, and WINGS methods can only be a coincidence. In addition, for WINGS and FCM-sigmoid, the values of Strategic Effect caused by Offers A and C are very close, which can result in sensitivity of ranking.
Comparison of the FCM and WINGS Results
In order to examine what can happen if some values in the model are changed, we performed a series of simulations. An increase in the impact of 'Net cash flow' on Financial Effect from 5 to 9, which favors Offer A over B, did not change anything. When we added another change i.e., an increase in 'Quoted sales margin per BG' from 2 to 6, which favors Offer A over B and C, Offer A moved to the second position in the WINGS financial ranking. In both FCM variants, the rankings did not change (Table 4) .
Similarly, an increase of a single value only of the impact of 'Expected upsell' on 'Upsell Potential' from 4 to 8, which favors B over A and A over C, resulted in the FCM-linear advanced Offer B moving up to the second position in strategic ranking. When we added another change i.e., an increase of the impact of 'Upsell potential' on Strategic Effect from 3 to 6, Offer B moved up to the first position, but Offer C preserved its dominance over Offer A. WINGS and FCM-sigmoid did not change (Table 5) .
Such simulations are commonly used to examine the sensitivity of the solution to uncertain input data. They also serve for tuning the model in a validation stage. As there is no objective, absolute measure that can help in choosing the best method and the best model, this is always a challenge. The participation of domain experts supports the high quality of the modeling process. Whenever possible, the output of the model should be compared with the behavior of a real-world system. 
Discussion
On the basis of a long experience of one of the authors (D.B.) in the telecommunications industry, we look at the problem of evaluation of strategic offers, and in general, at decision making through the aspects of practicalities in terms of method, managerial approach, and consequences. In the Introduction section, the topics of BigData, SmallData, and the current practices associated with them have been already mentioned. They translate into disjoint approaches to the analysis and modeling of Big and Small data. It may also happen, in an unfavorable course of events, that the modeling is burdened by no or insufficient knowledge on the part of the managerial staff about the methods and their nuances to analyze the complexity of the problems they face in their company's operations. This together with the simultaneous use of supporting tools [32] offered by various providers (methodologically rooted in Operations Research, such as MCDA, AHP, etc., or in "Analytics", such as Monte Carlo, or even in FCM [33] ) to model the process and enhance the quality of various business decisions, can confuse the staff as regards such issues like the choice of appropriate methods, their applicability to their specific problems, the quality of the output and its trustworthiness, their manageability, operability, etc. Therefore, the assessment of the impact of strategic offers on the company ecosystem, aware and useful applicability of supporting tools in practice (with underlying models and methods) remain sensitive points, susceptible to the method and approach (whenever feasible to implement) with simultaneous verification of its usefulness to the studied object/managerial problem to be solved.
In practice, this can literally be a "mission in vain", due to the complexity of human, technical and organizational dependencies (especially for large organizations). That is why companies tend to use consulting firms (which usually represents the main trend of the current methodological approach, of the type of "one size fits all") or else they sometimes try to be more innovative and to develop a specific Data Product (https://towardsdatascience.com/designing-data-products-b6b93edf3d23) on their own.
As regards the above, and reflecting the nature of the problem studied, two methods have been chosen: FCM and WINGS. As a result of the so-called "weak" interactions occurring in these models as in the concrete example analyzed in Section 4, as well as the application of an arbitrary threshold function selected for FCM-which may distort the results [13] -it becomes intrinsically important to verify the quality of soft system dynamics models in order to choose an adequate calculation method for the managerial problems being solved. The roots of this comparison of models come from its dynamical eigenvalue, but the methods of choice and results obtained should be interpreted with some caution, since FCM and WINGS were applied for a specific case study (a specific problem within the telecommunication industry). Hence, further research is needed to make more universal conclusions (see .
When using FCM and WINGS, we noticed pitfalls into which a novice or even an intermediate-level user and adopter of this method can fall. The model building step and the determination of dependencies and their quantification are a general weakness of such methods, since the quantification of the dependencies is based on subjective evaluation by the staff, especially if no participatory modeling is applied. As opposed to WINGS, FCM may require calibrations to stabilize the state vector, both for the values of the relationships (the influences) and the sensitiveness to changes in self-reinforcing relationships (this holds for most Fuzzy Cognitive Maps) [4] .
Another issue requiring attention is the use of the threshold function (preferably monotonic and differentiable), in our case a linear or a sigmoid function. The choice of a function type and its parameters may produce different outcomes (see e.g., Reference [14] ), which can be challenging for a novice-to-moderately experienced user.
Conclusions and Directions of Future Studies
•
Both methods appear theoretically applicable to study the impact of strategic decisions on the financial and strategic aspects of the company; • FCM has proven its practical applicability in a very large number of cases, especially in participatory modeling. Some technical problems arise from the need to implement an auxiliary threshold function. Not only is it chosen arbitrarily, but it is also difficult to understand and interpret by practitioners; • The main drawback of FCM comes from the fact that the threshold function has a strong influence on the results, but it has no direct interpretation in the system modeled; • WINGS uses simple matrix algebra and does not need any additional functions or parameters for calculations; • An important novelty of WINGS comes from its unique mechanism used for calculating influences between system concepts. The final impact on the concept is an effect of the combined action of two measures: the internal strength and the influence.
This paper presents the first comparisons of application of WINGS and FCM to a very specific case study based on practical experience and real-world managerial problems. The network is almost purely hierarchical with a small number of cross relations; it also has only one causal loop. Future research should focus on the applications of both WINGS and FCM to a wider spectrum of decision problems. This can shed light on the similarities and differences of both methods and maybe draw borders between fields of applications on which one of the methods will prove to be more useful. In the case of WINGS, there is a need for more research on collaboration with experts and practitioners and to answer such questions as: Do they find the basic concepts introduced by the method understandable? Does the process of building the model is clear enough? Are the results of the model reliable and satisfactory? 
Acknowledgments:
The authors would like to express their gratitude to the two anonymous reviewers for their very insightful and valuable comments that significantly helped to improve this manuscript.
Conflicts of Interest:
The authors declare no conflict of interest.
Appendix A. Proof of the Convergence of Matrix S
Let |S| be the matrix of absolute values, i.e., [|S|] ij = |[S] ij | = |s ij |, where S is defined by Equation (4) . Thanks to the definition of scaling factor s in Equation (5), at least one row sum of elements of |S| is less than 1. Consequently, |S| has the same properties as the sub-matrix of transient states of the matrix representing absorbing Markov chains ( [34] , Chapter 11). The power S p of this matrix converges to 0 when p −→ ∞. If we allow also negative elements in matrix D, the general form of an element of S p has the form
. . .
As this multiple sum contains both positive and negative terms, it is obvious that
and we can conclude that the series ∑ ∞ p=1 S p of the matrix that contains both positive and negative elements converges absolutely (see e.g., [35] , Chapter 4).
Appendix B. Illustrative Example of the Extended WINGS Procedure
In this appendix we placed an illustrative example to present step-by-step the extended WINGS procedure. It also explains how the WINGS output can be interpreted and how it can be useful in problem analysis and decision making.
A subject of the example is a small abstract system which contains only six concepts. There are some positive and negative causal relations among concepts. The WINGS network (digraph) of the system is presented in Figure A1 . From the first view it is clear that node F plays central role in the system. It is an ultimate effect, as it does not influence any other node. As we consider here an abstract case, we skip the beginning stage of the procedure-qualitative analysis-which is described in Section 3.2.1 and proceed directly to quantitative evaluation (Section 3.2.2). For both internal strength and influence we use the same nine point scale of integers 1-9. Node D is the strongest component of the system, while component E-the weakest. Though node F is not attributed with any internal strength. Putting its strength formally equal to zero does not distort the results of the WINGS procedure because node F does not influence any other node. In other words, the internal strength of F is irrelevant to the results of calculations.
Node D has the highest number (3) of direct impacts on other nodes, but one of them is negative. Node A exerts strongly on node F (value 8). Node E plays clearly negative role in the system. It has a direct negative impact on F, but also through paths of greater length (E-D-F with one negative segment, E-D-C-B-F with three negative segments). There is a single path (E-D-C-B-A-F with two negative segments) which represents positive influence of E on F. A few loops exist in a network, e.g., the Nodes A, B and C form a positive (reinforcing) loop, while D and E-a negative (balancing) one.
The next stage of the WINGS method (calculation of output described in Section 3. (4) and (5)). Thanks to the relation between digraphs and matrix algebra the p power of the matrix D contains the values of indirect impact of one node onto another calculated as the multiplication of impacts along the path of length p. If the path of length p does not exist, the corresponding element of D p is equal zero.
Scaling used in the WINGS method causes that the values of impact decreases with the path length and ensures that the sum of all powers of matrix D converges (see Appendix A). On the other hand, scaling leads also to small values in matrix T. (For the square matrix of size 33 × 33 representing the case study in this paper the order of the largest values is 10 −3 . For this illustrative example it is 10 −1 .) As the WINGS is based on ratio scale, to facilitate comparison of the results we can rescale the output measures. A convenient way is to rescale all values of Impact and Receptivity in relation to the largest of them, as we do it throughout this paper.
In Table A1 the relative values of Impact, Receptivity, Involvement and Role are presented. Thanks to a limited number of nodes and uncomplicated structure of the system we can use visual examination of the network and intuition to verify the WINGS output. Node A has the strongest relative total impact followed by node D and C. Node B has relative total impact close to zero while node E-definitely negative. These results are in agreement with the intuitive view of the network. The high value of the total relative receptivity of node B may be justified by comparatively strong impact (5) from strong node C (5) which is a part of the reinforcing loop. Similarly, the second position of node E can be an effect of impact by the strong node D (7) . A mix of the positive and negative impacts on node F leads to its average value of total relative receptivity. When we consider absolute total impact (Table A2) , we see that nodes A and D reversed their positions in comparison to relative ranking. If we look at the network it becomes completely understandable. Node D has higher internal strength than node A and its direct impacts are 6, 4 and 4 (absolute values), while node A has only two direct impacts with absolute values 8 and 3. Node C keeps its third position. Node E is classified higher than node B because now the negative signs of its two direct impacts are neglected. Similar effects can be observed in total absolute receptivity. Node F is the 'strongest receiver' with four incoming direct impacts. Node C, having two incoming direct impacts, takes the second position. In WINGS involvement and role are the most important measures in analysis of the system behaviour. A map showing locations of all system components on the plane with involvement and role as Cartesian co-ordinates is a convenient tool for such an analysis. In Figure A2 we see a map of relative measures. Nodes A and D have the highest relative involvement among the system components. It means that they positively influence the system more than other components. Together with nodes C and E they form the influencing (cause) group (positive role). However, the role of node E is close to zero. The other nodes (B, and F) form the influenced (effect) group (negative role). Depending on the specific features of the studied system the values and relative locations of system components on the involvement-role plane help decision maker to evaluate the potential actions and choose the best one. Recognition of the roles in the system is a good example of value added by WINGS. Even for such simple example, as the one studied here, it would be difficult to recognise the roles of system components only by pure intuition. Absolute involvement and absolute role bring an additional information that can be useful in system analysis (see Figure A3) . The absolute involvement of node D is stronger than that of node A. It means that negative part of node D impact is important in the system and node D deserves deeper analysis. For example questions of the kind: "Is it possible to weaken its negative influence and how to do it?" can be raised. The absolute receptivity of node C is higher than relative (opposite signs of influence from nodes A and D cause compensation) and, as a result, node C joins the influenced group in absolute measures. 
